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I claim: 

1 . A bi-directionalkheck valve and U-valve apparatus adapted for connection to 
a discharge port of a vessel, for bontrolling liquid flow from a vessel through the U-valve, the 
bi-directional check valve composing: 

a first channel; 

a first valve within the firdjt channel, the first valve being adapted to be in one of an 
open position or a closed positionAthe valve being adapted to block liquid flow in a direction 
from the vessel through the discharge port and through the U-valve when in the closed 
position, the valve being adapted toladmit a fluid traveling in a direction from the U-valve 
through the discharge port and into t|ie vessel when in the open position; 
a sedbud channel; and 

valve within the secdnd channel, the second valve being adapted to be in one 
of an oiJen position or a closed position, the valve being adapted to block liquid flow in the 
direction from theWessel through the discharge port and through the U-valve when in the 

positiorij, th^ valve being adapted to allow liquid flow in the direction from the vessel 
e port and through the U-valve when in the open position. 

aratus of claim 1 Wherein the first valve is adapted to be forced open 
ed in a direction fitom the U-valve through the discharge port and into 
the vefesel to^allow the x flow of the gas fro|n the U-valve through the discharge port and into 
the ves 

The apparatus of claim 2 wherein the second valve is adapted to be opened by 
an-appliAatf on-of~a~negative pressure exert^ througlrtli^U^lve^rrthe second^lv^fromaT 
side of the second valve opposite to the vessel. 

4. The apparatus of claim 3 wherein the first valve is a ball valve. 

5. The apparatus of claim 4 wherqn the second valve is a float valve. 

6. A U-valve for controlling a flow\of a liquid from a vessel attached to the U- 
valve, comprising: 

a first section having a first apex; 
a second section having a second apex; 

a bi-directional check valve within the first\section of the U-valve, the check valve 
comprising: 
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a first chaijnel; 

a first valves within the first channel, the first valve being adapted to block 
liquid flow from the vessellin a direction from the vessel through the discharge port and 
through the U-valve, the first channel being further adapted to allow a flow of a gas in a 
direction through the U-valve, through the discharge port and toward the vessel; 
a second channel; and 

a second valve ^/ithin the second channel, the second valve being adapted to 
be in one of an open position oAa closed position, the second valve being adapted to block 
liquid flow in ttte direction fromWe vessel through the discharge port and through the U- 
valve when irythe cloW position! the valve being adapted to allow liquid flow in the 
direction fro* the vessel through the discharge port and through the U- valve when in the 
open positioh, the secomd valve bei&g adapted to be opened by an application of a negative 
pressure exdrted through the U-valv^ on the second valve from a side of the second valve 
opposite to /the vessel. | 

7. I The U-va^e of claim dwherein the first valve is a ball valve. 

8. The AJ- valve of claim 7 Vherein the second valve is a float valve. 

9. I Tljj^tJ^al\fe of claim 8 v&herein the second valve is adapted to close when 
liquid flowing frofn the vessel passes the|first apex and accumulates in the second section of 
the U-valvel / 

10. \ Tne U- valve of claim 9 wherein the second valve contains a floater and an 
orifice, the Abater being adapted to float to k position sealing the orifice when the liquid from 

"the^ve^r^fe^lM^^ 
the check valval 

11. A method of controlling a flowbf a liquid, comprising the steps of: 
providing a vessel having an evacuation port; 

providing a U-valve connected to the evacuation port, the U- valve containing a check 
valve, the check valve having a first and a second channel, each of the first and second 
channels having an open position and a closed position, the first channel containing a first 
valve adapted to block the flow of the liquid when the first valve is in the closed position and 
to allow the flow of a gas in a direction opposite to a direction of liquid flow when the first 
valve is in the open position, the second channel containing a second valve adapted to block 
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the flow of the liquid wtiten the first valve is in the closed position and to allow the flow of 
liquid when the first valvd is in the open position; 
placing a liquid in flie vessel; 

opening the U-valvAto allow liquid to flow into the U-valve from the vessel; 

introducing a gas intd the liquid through the first channel when it is desired to purge 
the vessel or agitate the liquicfo and 

opening the second chinel by applying a negative pressure to the U-valve when it is 
desired to evacuate the liquid frfem the vessel. 

12. The method of claim 1 1 wherein the first valve is a ball valve; 

13. The method of cla|m 12 wherein the second valve is a float valve. 

14. A chemical syntheses reaction tool, comprising: 
a reaction vessel; 

a reaction vessel support disposed to hold the reaction vessel in a preferred 
orientation, 

an injection port, including a pressure seal, situated to provide access to said reaction 
essel^br the injection of liquids into sa\d reaction vessel; 

evacuation port, including a pressure seal, situated to provide access to said 
r4action\vessel for the evacuation of fluids\from said reaction vessel; 

Injection and evacuation fittings formed to matingly engage said respective injection 
d evacuWion ports and to thereby enable the delivery of fluids to the reaction vessel and the 
vacuationW fluids from said reaction vessel 

aTU-valveTormed^f "flexiBle~tubing anfo connected to regulM^tHeTlow~of liquids"from7 
said evacuation through fitting, the U-valve comprising: 
a first section having a first apex;) 
a second section having a second a|pex; 

a bi-directional check valve within \he first section of the U-valve, the check 

\ 

valve comprising: 

a first channel; 

a first valve within the first channel, the first valve being adapted to be 
in one of an open position or a closed position, the vahfe being adapted to block liquid flow in 
a direction from the vessel through the discharge port anM through the U-valve when in the 
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closed position, the valve being adapted to admit a fluid traveling in a direction from the U- 
valve through the discharge port and into the vessel when in the open position; 

a second channel; and 

a second valve within the second channel, the second valve being 
adapted to be in one of an op&i position or a closed position, the valve being adapted to block 
liquid flow in the direction frohi the vessel through the discharge port and through the U- 
valve when in the closed position, the valve being adapted to allow liquid flow in the 
direction from the vessel through the discharge port and through the U-valve when in the 
open; 

le reaction tool df claim 14 wherein the first valve is adapted to be forced 
open #y a gas pressure exerted in A direction from the U-valve through the discharge port and 
into |he vessel to Mlow the flow of Hie gas from the U-valve through the discharge port and 
into J:he vessel. 

16. The apparatus of clairri 15 wherein the second valve is adapted to be opened 
by ai application of alnegative pressuife exerted through the U-valve on the second valve 
froirla side of tpe second valve opposite to the vessel. 

rfeadtion tool of claim 16 wherein the first valve is a ball valve. 
IThe reacmon tool of claim\l7 wherein the second valve is a float valve. 
/The reaction tool of claim u 8 wherein the second valve is adapted to close 
\uid fl'owing from the vessel passes the first apex and accumulates in the second 
; the* U-valve. 
~20V~/~~ Thereactiorrtoorof claim~19w^ 
an orifice, the floater being adapted to float t<j> a position sealing the orifice when the liquid 
from the vessel accumulates in the second section of the U-valve, reaching the second 
channel of the check valve. 

21. A universal fluid exchanger con^prising: 
a reaction vessel; 

a reaction vessel support disposed to hold the reaction vessel in a preferred 
orientation; 

an injection port, including a pressure seal, situated to provide access to said reaction 
vessel for the injection of liquids into said reaction vfessel; 
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an evacuation portAincluding a pressure seal, situated to provide access to said 
reaction vessel for the evacuation of fluids from said reaction vessel; 

injection and evacuation fittings formed to matingly engage said respective injection 
and evacuation ports and to thereby enable the delivery of fluids to the reaction vessel and the 
evacuation of fluids from saidVreaction vessel; 

an actuator for controlling selectively aligning the injection and evacuation ports and 
the injection and evacuation fittings, respectively; and 

a U- valve formed of flexible tubing and connected to regulate the flow of liquids from 
the evacuation fittmg, the U-valvfe comprising: 

ction having a first apex; 
second\section haVing a second apex; 

directional check valve within the first section of the U-valve, the check 

valve/comprising: 

t channel; } 

valve witftin the first channel, the first valve being adapted to be 
position o^ a closed position, the valve being adapted to block liquid flow in 
ough the discharge port and through the U-valve when in the 
g adapted to admit a fluid traveling in a direction from the U- 



valve 



adapted 




m o: 

a direction 
closed position 



jprt and into tjjie vessel when in the open position; 
[d channel; 

valve within\the second channel, the second valve being 
one of an open position or a ©los^TR^tftmrthe~valVB 



liquid flow i^t tHe direction from the vessel thr&ugh the discharge port and through the U- 
valve when in\fie closed position, the valve being adapted to allow liquid flow in the 
direction from the vessel through the discharge p^rt and through the U-valve when in the 
open position. 

22. The apparatus of claim 21 wherein tfte first valve is adapted to be forced open 
by a gas pressure exerted in a direction from the U-valve through the discharge port and into 
the vessel to allow the flow of the gas from the U-val^p through the discharge port and into 
the vessel. 

23. The apparatus of claim 22 wherein the second valve is adapted to be opened 



ft 



by an application of a negative pressure exerted through the U-valve on the second valve 
from a side of the second va|ve opposite to the vessel. 

24. The universal! fluid exchanger of claim 23 wherein the first valve is a ball 



valve. 



valve. 



TJae universal fluid exchanger of claim 24 wherein the second valve is a float 



26. / Thfe Universal fldid exchanger of claim 25 wherein the second valve is adapted 
to close whfen licmjxJi flowing fro\n the vessel passes the first apex and accumulates in the 
iox/fof theUJ- valve. 

The U-valve of clzfom 26 wherein the second valve contains a floater and an 
Jfoater being adapted tA float to a position sealing the orifice when the liquid from 
the vessel accumulates in the second section of the U-valve, reaching the second channel of 
the check valve. 

28. A flow-interrupting U-valve apparatus for connection to a discharge port of a 
vessel, for preventing inadvertent liquid flov^from the vessel through the U-valve, 
comprising: 

a U-valve; 

a flow-interruption device within t^ie U-valve, the flow-interruption device 
comprising: 

a sealed chamber; 

an inlet connected to a portion of the U-valve connected to the discharge port 
of the vessel, the inlet allowing entry/of liquid into the chamber; and 

an outlet connected to a section of the U-valve adapted to allow discharge of 
the liquid, the outlet being separateffrom the inlet in order to interrupt flow of liquid entering 
the chamber from flow of liquid editing the chamber. 

29. A chemical synthesis reaction tool, comprising: 
a reaction vessel; 

a reaction vessel suppor£ disposed to hold the reaction vessel in a preferred 
orientation, 

an injection port, including a pressure seal, situated to provide access to said reaction 
vessel for the injection of liquids into said reaction vessel; 
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an evacuation port, including a pressure seal, sitdated to provide access to said 
reaction vessel for the evacuation of fluids from said taction vessel; 

injection and evacuation fittings formed to matingly engage said respective injection 
and evacuation ports and to thereby enable the del^ery of fluids to the reaction vessel and the 
evacuation of fluids from said reaction vessel; 

a U-valve formed of flexible tubing and connected to regulate the flow of liquids from 
said evacuation through fitting; 

a flow-interruption device within the Ljf valve, the flow-interruption device 
comprising: 

a sealed chamber; 

an inlet connected to a portion of the U-valve connected to the discharge port 
of the vessel, the inlet allowing entry of lifluid into the chamber; and 

an outlet connected to a section of the U-valve adapted to allow discharge of 
the liquid, the outlet being separate froni the inlet in order to interrupt flow of liquid entering 
the chamber from flow of liquid exiting the chamber. 

30. A universal fluid exchanger comprising: 
a reaction vessel; 

a reaction vessel support disposed to hold the reaction vessel in a preferred 
orientation; 

an injection port, including a pressure seal, situated to provide access to said reaction 
vessel for the injection of liquids /into said reaction vessel; 

an evacuation port, including a pressure seal, situated to provide access to said 
reaction vessel for the evacuation of fluids from said reaction vessel; 

injection and evacuation fittings formed to matingly engage said respective injection 
and evacuation ports and to thereby enable the delivery of fluids to the reaction vessel and the 
evacuation of fluids from said reaction vessel; 

an actuator for controlling selectively aligning the injection and evacuation ports and 
the injection and evacuation fittings, respectively; and 

a U-valve formed of flexible tubing and connected to regulate the flow of liquids from 
said evacuation through fitting; 



a flow-interruption 



device within the U-valve, the flow-interruption device 
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comprising: 



a s jaled chamber: 



an 

of the vessel, the 
an 



inlet connected to a portion of the U-valve connected to the discharge port 
nlet allowing entry of liquid into the chamber; and 

outlet connected to a section of the U-valve adapted to allow discharge of 
the liquid, the outlet being separate from the inlet in order to interrupt flow of liquid entering 
the chamber from flow of liquid exiting the chamber. 

3 1 . The apparatus Y>f claim 5 wherein the second valve comprises: 
a floater adapted to move in a generally upward or downward direction depending on 
a presence and level of a liquid in which the floater may float; 
a lever attached to the floater; 
a pusher attached to the le^/er; 

a pivot serving as a fulcruA for the lever, the pivot being attached to the lever such 
that the lever rotates upward about me pivot as the floater rises and downward about the pivot 
as the floater sinks; 

a neecUfe renting on the pusheL the needle being positioned so that the needle rises as 
the floater rises anal sinks as the floater sinks; and 

anybrifice adapted to fit the neddle such that the orifice is sealed by the needle as the 
floater riges so as /to Aress the needle into the orifice. 

Wive of claim 9 wherein the second valve comprises: 
floatei/adaptQd to move in a generally upward or downward direction depending on 
a presence anc^jjeVel ot\a liquid in which f|ie floater may float; 
attached \o the floater; 
aipusfier attached to the lever; 

a fcivjot serving as a fulcrum for the idjver, the pivot being attached to the lever such 
that the le^Wr rotates upward about the pivot as the floater rises and downward about the pivot 
as the floater sinks; 

a needle resting on the pusher, the needlfe being positioned so that the needle rises as 
the floater rises and sinks as the floater sinks; ano 

an orifice adapted to fit the needle such thstt the orifice is sealed by the needle as the 
floater rises so as to press the needle into the orifice 
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33. The methocflof claim 13 \yherein the second valve comprises: 

a floater adapted to fciove in a generally upward or downward direction depending on 
a presence and level of a liqmid in which the floater may float; 
a lever attached to tha floater; 
a pusher attached to the lever; 

a pivot serving as a fultrum for the lever, the pivot being attached to the lever such 
that the lever rotates upward atlout the pivot as the floater rises and downward about the pivot 
as the floater sinks; 

a needle resting on the pusher, the needle being positioned so that the needle rises as 
the floater ris€slhad sinks as the floater sinks; and 

aiybrifice adapted to fit the needle such that the orifice is sealed by the needle as the 
floater ri&es so as to press the needle into the orifice. 

34. The reaction tool of Vlaim 19 wherein the second valve comprises: 
a floater adapted to move in a generally upward or downward direction depending on 

a pre^enceWd levellof a liquid in wmch the floater may float; 
a lever attached to the floater; i 
a puf her attached to the lever; 

a pi\jot^efvini as a fulcrum forlthe lever, the pivot being attached to the lever such 
the levcfr rotates upward about the jjjjvot as the floater rises and downward about the pivot 
float* r sinks; 

\ a ne edle resting tn the pusher, the|needle being positioned so that the needle rises as 
the floaW ises and sinks as the floater sinks; and 

an^dfice adapted to fit the needle such that the orifice is sealed by the needle as the 
floater rises so as to press the needle into tha orifice. 

35. The fluid exchanger of claim 26 wherein the second valve comprises: 

a floater adapted to move in a generally upward or downward direction depending on 
a presence and level of a liquid in which the flrfater may float; 
a lever attached to the floater; 
a pusher attached to the lever; 

a pivot serving as a fulcrum for the lever, the pivot being attached to the lever such 
that the lever rotates upward about the pivot as the floater rises and downward about the pivot 
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as the floater VnKs; 

a needjp\^sting on the pusher, the needle being positioned so that the needle rises as 
the floater ri£e£ anS^sinks as the floater sinks; and 

anyOtitice adapted to fit the needle such that the orifice is sealed by the needle as the 
floater ri&fci sp.as to presbdhe needle into the orifice. 
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